One important function of cytosine methylation in plant genomes is to provide protection against the activation of harmful, transposable, and repeated sequence elements.
1
As methylation is heritable through cell divisions, this mechanism might provide a "memory" of adverse conditions that allows for altered gene expression patterns over time and so lead to the generation of more tolerant phenotypes. 7 In our plants, increased methylation in and around the SPCH and FAMA loci was associated with decreased expression of both target genes and a reduction in Stomatal Index (SI; stomata as a percentage of epidermal cells), although not in their stomatal density (stomata.mm −2 ) . We hypothesized that these transcriptional and phenotypic changes, mediated by methylation, could increase the tolerance of our plants to more severe water stress. Epigenetic "priming" against biotic stress leads to enhanced resistance in the progeny compared with the parental generation 8 and the progeny of plants salt-stressed at 25 or 75 mM NaCl also show increased tolerance to 125-150 mM NaCl. 9 We found that constant exposure to high vpd protected A. thaliana 'Landsberg erecta' from the negative effect on leaf chlorophyll content of a 4-day periodic drought experienced 40 d post-germination (Fig. 1A) and also from the final drought-induced reduction in Pre-conditioning the epigenetic response to high vapor pressure deficit increases the drought tolerance of Arabidopsis thaliana Epigenetic modification of the genome via cytosine methylation is a dynamic process that responds to changes in the growing environment. this modification can also be heritable. the combination of both properties means that there is the potential for the life experiences of the parental generation to modify the methylation profiles of their offspring and so potentially to "pre-condition" them to better accommodate abiotic conditions encountered by their parents. We recently identified high vapor pressure deficit (vpd)-induced Dna methylation at 2 gene loci in the stomatal development pathway and an associated reduction in leaf stomatal frequency. 1 here, we test whether this epigenetic modification preconditioned parents and their offspring to the more severe water stress of periodic drought. We found that 3 generations of high vpd-grown plants were better able to withstand periodic drought stress over 2 generations. this resistance was not directly associated with de novo methylation of the target stomata genes, but was associated with the cmt3 mutant's inability to maintain asymmetric sequence context methylation. if our finding applies widely, it could have significant implications for evolutionary biology and breeding for stressful environments.
plant biomass at harvest (following 4 d drought and subsequent re-watering) (Fig. 1B) . Surprisingly, pre-conditioning with high vpd was even associated with an increase in final dry weight following drought.
To understand whether this response was directly associated with the increased methylation of the 2 stomatal pathway genes, we compared the responses of mutants deficient in the methyltransferases DRM2 and CMT3 to the same treatments. In the drm1/2 mutant, there is no additional de novo methylation of SPCH or FAMA in comparison to the wild type (WT) grown under high vpd and no associated reduction in SI.
1 Drought reduced both chlorophyll content and final dry biomass of drm1/2. However, in common with the WT plants, neither chlorophyll content nor final biomass was reduced by drought when the plants had been pre-exposed to high vpd (Fig. 1A and B) . It follows that DRM1/2 and specifically de novo methylation (a primary function of DRM2) is not responsible for the preconditioning that increased resilience to periodic drought following exposure to high vpd. Thus, stress-induced methylation of the SPCH and FAMA genes along with resultant reductions in stomatal frequency were not directly responsible for the changed response of vpd-preconditioned plants to drought. When the cmt3 mutants were placed under high vpd, both SPCH and FAMA became hyper-methylated (similar to the WT) and the plants exhibited reduced SI. However, following drought treatment, cmt3 was able to mimic the WT response to high vpd pre-conditioning in control conditions, such that leaf chlorophyll content and final dry biomass were unaffected by drought (Fig. 1A and B) . This suggests that, although de novo methylation of stomatal development genes under high vpd is not specifically required to improve subsequent drought-tolerance of pre-conditioned plants, the maintenance of asymmetric sequence methylation for which cmt3 is responsible is required in some form. Figure 1 . a the relative total chlorophyll content (measured in arbitrary units using a CL-01 chlorophyll meter (hansatech, King's Lynn, uK)) of the fifth true leaf of Arabidopsis thaliana 'Landsberg erecta'. Blue bars = wild type, red bars = cmt3, and green bars = drm1/2, and (B) the final plant biomass (g) in control (65% rh) and high vapor pressure deficit (45% Low rh) when well-watered (+ water) and following 4 d drought and subsequent re-watering (+ drought). there was a significant interaction (twoway anoVa p = < 0.05) between rh treatment and drought for both chl. content and d. wt. such that drought only reduced chl. under control (p = < 0.05) and reduced and increased d. wt. respectively with control and high vapor pressure deficit (p = < 0.001) (Post-hoc Bonferroni multiple comparisons). Figure 2 . the difference in response of (a) leaf chlorophyll content (as before) and (B) final plant biomass (g) to drought (in comparison with the undroughted control) of generations of plant grown in high vapor pressure deficit or control conditions dependent on parental humidity treatment (x-axis; parental generation 1 (P 1 )-parental generation 2 (P 2 )) and pre-exposure of the current generation to high vpd (45% rh (Lrh) red bars) or control (65% rh, blue bars) prior to drought. Data are means of measurements of 6 replicate plants (± SE) in each parent*treatment combination.
This finding also suggests 2 fairly obvious lines of future research: First, the replication of our observations in crop plants could provide new avenues in the search for genotypes and agronomic practices that enhance drought tolerance. One major cautionary note is that the epigenome of A. thaliana is relatively less extensive and complex than that of non-model plants 10 but, at least with Brassica napus, it is possible to grow plants in the field that have reduced genome methylation and comparatively increased yield under moderate drought stress.
11 Second, we may be able to protect plants against future stress by environmental pre-conditioning, analogous to the "hardening off" already practiced in micropropagation and transplant production and to deficit irrigation treatments. 12 This would depend, to some extent, on the breeding potential of the response to pre-conditioning and its heritability.
More enticing would be the prospect of preconditioning filial generations (i.e., seed) against periodic drought. This would require the pre-conditioning effect to be maintained across meiotic, as well as mitotic, cell divisions. To investigate this possibility, we divided seeds from 3 generations of self-pollinated control and high vpd-treated plants. We then grew these plants in the 2 humidity environments and applied drought, as before. In this experiment, the effect of high evaporative demand during growth on drought response was positive for 2 generations but was outweighed by the effect of pre-conditioning the immediate parent (Fig. 2) . In this relatively small-scale experiment and with a fast-growing annual plant, we did not find any significant effects on seed size, germination, or ontogeny. Environmental conditioning of the parent therefore appears to hold some promise as a treatment that protects against drought. Progeny of parents and grandparents that had both been treated with high vpd, however, did not significantly benefit from a further exposure to high vpd prior to drought. It has been speculated that the transgenerational epigenetic effects of stress will not persist beyond 1 filial generation without a repeated exposure to the stress. 9 In contrast, we find that repeated exposure may actually change the response in the opposite direction. This finding could have relevance to those interested in the adaptive potential of epigenetic modifications, to those attempting epigenetic breeding, and is certainly important for plant physiological experimentation where the growth environment of parental plants may prove to be a significant factor in observed progeny responses.
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